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Takasi Yamazaki*: Embryological studies in Ebenales (4) 

iu m mm± ( 4 ) 

Ebenaceae 

The embryological studies in the Ebenaceae are very poor and imperfect. 
Only the formation of the embryo sac of Diospyros virginiana (Hague 1911) 
and Diospyros kaki (Yasui 1915) are reported. In this paper, I report the- 
embryology of Diospyros kaki and the relationship of the Ebenales. The 
materials were collected from the cultivated plant in Tokyo. 

Ovule and embryo sac. The superior ovary has eight locules, with an 
anatropous pendulous ovule in each locule. The ovule is bitegmic and’ 
tenuinucellate. The inner integument being consisted of 10 cell layers; 
forms the micropyle. The innermost layer of the inner integument re¬ 
presents the endothelial layer with the quadrilateral cells containing promi¬ 
nent nucleus and dense cytoplasm. The outer integument is massive, with 
the cell walls of the outermost few layers thickly lignified and tinged with 
brown (Fig. 35). 

A single hypodermal archesporial cell differentiates into young nucellus. 
(Fig. 1). The nucellus represented by a single layer of cells degenerates- 
early. The archesporial cell functions directly as the megaspore mother- 
cell and gives rise after divisions to a linear tetrad of four megaspores (Fig. 
2). Only the chalazal one is functional and gives rise to the embryo sac.. 
The functional megaspore undergoes three nuclear divisions leading to the 
formation of two, four, and eight-nucleate gametophyte stages (Figs. 3 and. 
4). The mature embryo sac is linear-oblong in shape, and of nomal organiza¬ 
tion (Fig. 7). Three antipodal cells penetrating into the chalazal region 
lie in a linear row and degenerate before the final formation of the embryo 
sac (Fig. 5). 

Formation of the endosperm. The endosperm is the cellular type. The 
first divison of the primary endosperm nucleus takes place with a transverse 
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Figs. 1-10. Diospyros {kaki . Stages in development of the embryo sac and endosperm. 

1-5: X100. 6: X50. 7-10: xlOO. 

thin wall to form a micropylar and a chalazal chambers (Fig. 8). The 
second divisions in these two chambers are mostly transversal and the third 
are mostly longitudinal respectively. Thus the endosperm cells have a tend¬ 
ency to be arranged in a linear row of six tiers (Figs. 9 and 10). Subsequent 
divisions are irregular. By further divisons, all the cells contribute to the 
endosperm formation. The endosperm develops irregularly to form a rumi¬ 
nate shape in young stage (Fig. 34). The mature endosperm is an elliptical 
body with cells containing much oil but no starch. The endosperm haus- 
toriurn is not formed at all. 

Embryogeny. After the fertilization, the zygote swells and forms an 
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elliptical body containing a large vacuole (Figs. 11 and 17). The first 
division is transverse resulting in an apical cell ca and a basal one cb (Fig. 
18). The upper cell ca divides longitudinally followed by transverse divi¬ 
sion to from the tiers l and l' (Figs. 20-23). The tier l divides by vertical 
walls oriented at right angles to the first longitudinal walls to give rise to 
four cells (Fig. 24). Four cells of the upper tier l are divided by tangen¬ 
tial walls to form outer and inner daughter cells (Fig. 27). In rare cases, 
they are divided once more transversely to form two tiers of four cells each. 
(Fig. 26). The outer daughter cells are divided only by anticlnial walls and 
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give rise to the epidermal initiais. The inner daughter cells of the tier l 
differentiate both into the mother cells of the cotyledonary initials in the 
outer side and into the elements which constitute the stem apex in the 
inner side (Fig. 29-32). The lower tier V is divided by longitudinal walls 
differentiating into the outer and inner cell layers (Fig. 27). The resultant 
outer daughter cells of the tier l' repeatedly divide anticlinally and give rise 
to the epidermal initials, and the inner cells by continuous periclinal and 
.anticlinal divisions form the plerome and periblem initials (Figs. 28-32). 

The cell cb divides transversely to form two tiers cc and ci (Figs. 12 
and 19). The tier cc divides longitudinally to form two cells (Figs. 20-22), 
and again divides rather slowly to form two tiers m and n (Fig. 30). 
The upper tier m differentiates to form the initials of the central cylinder 
of the hypocotyl ice and the initials of the root cortex iec (Figs. 30-32). 
The lower tier n differentiates to form the initials of the central part of 
the root cap co. The lower cell ci undergoes a few longitudinal and trans¬ 
verse divisions, and contributes to the formation of the suspensor s. A 
mature embryo comprises two large cotyledons and a large thickened hy¬ 
pocotyl. 

The process of the embryo formation of Diospyros kaki is as follows: 
o- ca - 1 - pvt + pco 

—-— -1’ - phy 

- -~cb-cc---—m——— icc + iec 

-n- co 

- ci --s 

Seed coat. In the early stage of the endosperm formation, the cells of 
the outer integument are lignified and tinged with brown. At this stage, 
the inner integument is organized with strongly vacuolate thin-walled cells 
{Fig. 35). In mature seed, the cells of the inner integument are completely 
disintegrated and remain as a thin membrane. Thus the seed coat is derived 
mainly from the outer integument of about 10 layers consisting of elongated 
lignified cells rich in tanin. 


— 24 — 



January 1972 


Journ. Jap. Bot. Vol. 47 No. 1 


25 


Table 1. Features of the ovule and seed in families of Ebenales. 



Sapotaceae 

Ebenaceae 

Stylacaceae 

Symplocaceae 

Ovule 

Anatropous 

// 

ft 

rr 


Tenui¬ 

nucellate 

n 

rr 

rr 

Integument 

Unitegmic 

Bitegmic 

Bitegmic 

Unitegmic 

Endothelial 

layer 

Absent 

Present 

Absent 

Absent 

Embryo sac 

Normal type 

// 

ff 

rr 

Endosperm 

Nuclear type 
accompanied 
by a large 
vacuole 

Cellular type 
no large 
vacuole 

rr 

rr 


No starch 

// 

rr 

rr 

Embryogeny 

Chenopodiad 

type 

// 

rr 

rr 


Slow differ¬ 
entiation 

ft 

Simplified 

differentia¬ 

tion 

rr 

Mature 

Two large 

Two large 

rr 

Two small 

embryo 

cotyledons 
and a short 
thick 
hypocotyl 

cotyledons 
and a massive 
straight 
hypocotyl 


cotyledons 
and a curved 
elongated 
hypocotyl 

Seed 

Endosperm 
absent, 
large embryo 

Massive 
ruminate 
emdosperm, 
embryo of 
moderate size 

Less massive 
endosperm, 
large embryo 

rr 

Seed coat 

Massive layers 

Lignified 

Massive layers 

Thin 


differentiated 
into three 
zones 

cells derived 
from the 
outer 

integument 

of stone cells 
derived from 
the outer 
integument 

membrane 


Discussion The seed fromation of the Ebenales is variable as shown 
in the comparative table 1. But they are fundamentally similar in several 
characters as described below, a) The ovule is tenuinucellate. b) The 
embryo sac fromation is Polygonum type, c) The cell division of the early 
endosperm formation is irregular. The endosperm has no haustorium and 
contains no starch but much oil. d) The embryogeny is Chenopodiad type; 
namelly, the initials of the root cortex ( iec ) and the initials of the central 
cylinder of the hypocotyl (icc) differentiate from the upper tier of the basal 
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cell (cb) of the two celled stage of the embryo formation. 13 

The embryogeny of the Ebenales is similar to that of the Ericales. Iru 
both orders, the cells icc and iec are differentiated from the same tier, that 
is to say, from the tier m itself or from the derivatives, of m. These fea¬ 
tures in the formation of the embryo have important significance in the 
phylogenetic standpoint. Thus, Ebenales shows the closest resemblance to> 
Ericales in embryogeny and not to Guttiferales. But in the former the 
endosperm is formed by the irregular cell divisions in early stage and has 
no haustorium. The differentiation of the initials of the root cortex is 
slow. In the Ericales the endosperm is formed by four celled layers in early 
stage and normally has the endosperm haustorium (except Diapensiaceae). 
The differentiation of the initials of the root cortex is comparatively early. 
These embryological characters of Ebenales are similar to those of Dia- 
pensiaceae of Ericales. These facts seem to indicate that the Ebenales is 
more primitive than Ericales. 
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1.) The embryogeny of the Symplocaceae was reported in the previous paper 
(Journ. Jap. Bot. 45: 353-358). The author described that the cells iec 
and icc are differentiated from the derivatives of ca. It was, however, 
not correct. These cells are in fact derived from the uppermost tier of 
the derivatives of the cell cb. It is quite the same case as seen in the 
other families of the order. Thus, the abbreviation of Fig. 3 of Sym- 
plocos chinensis should be corrected as follows: cc—*l, cd-*l’, 
m->n, n-^ci (The letters of the left hand of the arrow should be replaced 
with the right hand ones). 
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(^zr.4—) (Hjlj^M^) Shunki Okuyama : Tentative list 
•of plants for collectors (31). 
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■Olilfi Viola laciniosa A. Gray [^yV u'} Perry, Jap. 

Exped. 2: 308 (1856). Lonicera Morrowi A. Gray C+ V^ViV.m 1. c. 313 
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